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Abstract 
The resistive-type humidity sensor was prepared by using dip-coating method based on CA-NH4BF4-PEG600
plasticized polymer electrolytes film on a glass substrate. The electrical properties of the film are examined as a 
function of relative humidity to elucidate the potential of the film act as sensory properties in humidity sensor. The 
sensor well responded towards humidity with a relatively good in linearity though it is depended on the applied 
frequency. The temperature dependence of resistance followed Arrhenius law and the activation energy decreased 
with increasing in relative humidity. The hysteresis phenomenon showed the resistance on desiccation process is 
slightly lower than the resistance on humidification process at all temperatures. The stability of fabricated humidity 
sensor stabled up to 30 days. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer]  
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1. Introduction 
Ceramic humidity sensors based on porous and sintered oxides have received much attention due to 
their chemical and physical stability [1-3]. However, these types of sensors suffer from insufficient 
sensitivity, low reversibility and drift in base resistance with time [2, 4]. The introduction of polymeric 
materials as a membrane to replace the ceramic materials has drawn much more interest due to its low 
cost, simple fabrication and high sensitivity [5, 6]. Most polymers sensitive to moisture, with different 
compositions and chemical functional groups such as carboxylics, sulfonics, ammonium, aromatics, 
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impressing different properties in good sensitivity, linearity and hysteresis [7]. Studies on biopolymers as 
sensory membrane showed reasonable results in term of sensor sensitivity and reversibility [8]. The 
physiochemical characteristics of these polymers i.e. biodegradable, biocompatible, good desalting and 
excellent hydrophilicity make them as a promising material to be used as membrane in humidity sensor 
[9]. However, the main drawback associated with biopolymers like cellulose derivatives is due to their 
intrinsic impedance that so high, thus exhibit very low ionic conductivity. Therefore, it is necessary to 
modify the sensor material in order to improve the conductivity so that it can be used as an electrolyte in 
the application of humidity sensor. In the present work, the resistive type humidity sensor based on 
polymer electrolytes composed of cellulose acetate (CA) and ammonium tetrafluoroborate (NH4BF4) as 
dopant salt has been characterized. Polyethylene glycol (PEG600) is adopted as plasticizer for further 
conductivity enhancement and finally the sensory performance was evaluated.   
2. Experimental 
Cellulose acetate (CA) with 39.8 wt. % acetyl content obtained from Sigma-Aldrich has been used as a 
host polymer. Ammonium tetrafluoroborate (NH4BF4) and polyethylene glycols 600 (PEG600) procured 
from Fluka were used as dopant salt and plasticizer respectively. Acetone was obtained from UNIVAR, 
Australia was employed as a solvent. All materials were used as received. The membranes of CA-
NH4BF4-PEG600 as the sensor material were prepared by dissolving of 1g of CA in 25 ml acetone for 
several hours until homogenous solution obtained then mixed with 0.333g (25wt. %) of NH4BF4 and 
0.507ml (40wt. %) of PEG600. The mixtures were then vigorously stirred until the salt and plasticizer 
completely dissolved. The prepared solution was deposited on a glass substrate of 7.5 cm x 2.5 cm in size 
by dip-coating method, followed by drying at ambient temperature for a couple of days to obtain a 
smooth layer of thin film. Using the standard electrode template, the inter-penetrating finger electrodes 
separated by 2.0 mm were coated on the prepared samples using sputter coating equipment (K550X 
Sputter Coater) (Fig. 1). The resistance measurement of the sensor was performed in SH-221 Bench-Top 
Type Temperature & Humidity Chamber which the relative humidity is ramped from 40% RH to 90%RH 
at 1 V using HIOKI 3532-50 LCR Hi-tester in the frequency range between 100 Hz and 10 kHz at the 
temperature range between 30°C and 50°C.  
Fig. 1. Schematic view of resistive-type humidity sensor 
7.5 cm 
2.5 cm 
Polymer film 
Au electrode 
Over coat Ag - Pd 
Lead wire 
 N.I. Harun et al. /  Physics Procedia  25 ( 2012 )  221 – 226 223
3. Results and discussion 
The dependence of resistive humidity sensor at various frequencies is shown in Fig. 2. The results 
demonstrated the resistance drops with the increasing in relative humidity and confirmed that the 
resistive-sensor exhibit humidity–sensitive property [10]. The sensitivity of the humidity sensor was 
obtained by analyzing the slope of log Zr vs. % R.H and the linearity value was calculated by performing 
the correlation coefficient (R2) of the curve. All the sensitivity and the linearity values were tabulated in 
Table 1. The best linearity appears at 100 Hz whereas there is not much different between the sensitivity 
at frequency of 100 Hz and 1 kHz. Therefore, the frequency of 100 Hz is used for other humidity sensing 
characterization. At low R.H level, the applied frequency affected the resistance more significantly than at 
high R.H level [11-15]. At higher frequency, the electrical field direction changed rapidly caused the 
polarization of the adsorbed water cannot keep up, so that the dielectric constant is small [11].  
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Table 1. The sensitivity and linearity of resistive humidity sensor at different frequencies
Frequency Slope (log Z/ %R.H) 
(Sensitivity)
Correlation coefficient (R2)
(Linearity) 
100 Hz - 0.0590 0.9911 
1 kHz - 0.0595 0.9906 
10 kHz - 0.0561 0.9775 
Fig. 3 represents the curve of the resistance versus R.H as a function at various temperatures at a 
voltage of 1 V and frequency of 100 Hz. The sensor response is highly dependent on the ambient 
temperature [16]. It can be observed that the resistance of the sensor decreased with temperature elevation 
as a result of enhanced ion mobility at higher temperature [17, 18]. This result is also in accordance with 
the previous report [19], confirming that the decrease in resistance as the temperature rises is due to the 
thermal activation of the segment motion in polymer chains. A higher temperature provides more energy 
for the motion of ions resulting in decrease of the resistance of the film. The Arrhenius plot of resistance 
against temperature is given in Fig. 4. The Arrhenius plot showed that the slopes of straight line decreased 
as the % R.H increased and the activation energy Ea was calculated using the equation R=R0 exp (Ea/kT) 
[13, 17].  
Fig. 2. The resistance dependence on the relative humidity 
at various frequencies at 30°C 
Fig. 3. The resistance dependence on the relative humidity 
at various temperatures with frequency of 100 Hz 
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Fig. 5 shows the plot of activation energy, Ea vs. % R.H. The activation energy decreased as the % R.H 
increased explained that the ionic conduction process occurred in CA-NH4BF4-PEG600 films. The effect 
of humidity is relatively less at a low humidity level which is due to the fact that at low humidity level the 
coverage of water on the surface is not continuous and only a few water molecules can be absorbed [20]. 
The Ea is observed to decrease monotonously as the % R.H going higher up to 70 % caused by the 
presence of PEG that induces the increase in the mobility of ammonium cations, and at the same time 
enhances the affinity to absorb water molecules since PEG itself is hydrophilic in nature. At high 
humidity level, the protons (H3O
+) are the dominant carrier ion that responsible for the conduction, which 
is due to Grotthuss mechanism [12, 14, 20-23]. Through this mechanism, the protons tunnel from one 
water molecule to the next via hydrogen bonding [23], in which H+ in this work is supplied by the doping 
salt. This succession of mechanism leads to rapid decreased in Ea at high humidity. The brief illustration 
of the Grotthuss mechanism is shown in Fig. 6. 
1
2
3
4
5
6
7
3.05 3.10 3.15 3.20 3.25 3.30 3.35
1000/T (K-1)
L
og
 Z
r
40% RH
50% RH
60% RH
70% RH
80% RH
90% RH
     
0.00
0.20
0.40
0.60
0.80
1.00
30 40 50 60 70 80 90 100
% R.H
A
ct
iv
at
io
n 
E
ne
rg
y 
(e
V
)
Fig. 6. Brief illustration of the Grotthuss mechanism 
The hysteresis characteristic of the sensor is examined at different temperatures by measuring the 
resistance with increasing R.H (humidification run), symbolized by open symbols and decreasing R.H 
(desiccation run) symbolized by solid symbols in the range of 40 – 90%, as shown in Fig. 7. The 
resistance on desiccation process is slightly lower to that of the resistance on humidification process at all 
temperatures. This fact inferred that the rate of absorption and desorption for the desiccation process of 
the absorbed water in the humid membrane was slower than that of the humidification process [17, 24]. 
The hysteresis values at 60% R.H are estimated to be 0.3%, 5.0%, and 6.9% at temperature of 30°C, 40°C 
and 50°C respectively.   
Fig. 4. The temperature dependence of resistance at frequency 
of 100 Hz 
Fig. 5. Activation energy for conduction as a function of 
relative humidity at 100 Hz 
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Fig. 8 shows the stability of the resistance of humidity sensor is monitored at room temperature by 
exposing the sensor to the air and the resistance is measured at %R.H in the range of 40 to 90%. The 
resistance of the sensor had no obvious deviation in the range of investigated %R.H for 30 days at least.  
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4. Conclusions 
Simple, low cost and eco-friendly humidity sensor fabrication, a resistive-type humidity sensor was 
successfully fabricated on a glass substrate, by employing CA-NH4BF4-PEG600 polymer electrolytes as a 
sensing film. The effect of applied frequency on resistance proved that the frequency influenced more at 
low R.H rather than high R.H, and the frequency of 100 Hz is appeared to be the best linearity. The 
resistance of the humidity sensor was also dependent on the ambient temperature. The resistance 
decreases with increasing ambient temperature, which is in accordance with the relationship of R=R0 exp 
(Ea/kT). The conduction process was found to follow the Grotthuss mechanism at high humidity. 
Regarding to the hysteresis, the results indicated that the rate of absorption and desorption for the 
desiccation process of the absorbed water in the humid membrane was slower than that of the 
humidification process. This resistive-type humidity sensor shows good stability with time, operating in a 
wide R.H% range, and is considered to be applicable as a common humidity sensor.   
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